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PLANING-TAIL FLYING-BOAT HULL WITH VARIOUS 

FOREBODY AND AFTERBODY SHAPES1 

By John M. Riebe and Rodger L. Naeseth 

SUMMARY 

An inves t iga t ion  w a s  made i n  the  Langley 300 MF'H 7- by 10-foot tunnel  
t o  determine the  aerodynamic c h a r a c t e r i s t i c s  of a r e f ined  deep-step . 
planing- ta i l  h u l l  with various forebody and afterbody shapes. For com- 
parison, tests were made on a streamline body simulating t h e  fuselage of 
a modern t ranspor t  a i rp l ane .  

The r e s u l t s  of t h e  tests, which include the  in te r fe rence  e f f e c t s  of I 

a 21-percent-thick support wing, ind ica ted  t h a t  for  corresponding config- 
ura t ions  t h e  h u l l  models incorporating a forebody with a length-bedm r a t i o  
of 7 had lower minimum drag coe f f i c i en t s  than the  h u l l  models incorporating 
a forebody with a length-beam r a t i o  of 5 .  The lowest minimum drag c o e f f i -  
c i en t s ,  0.0024 and 0.0023, which were considerably less than that of a 
comparable conventional h u l l  of length-beam r a t i o  9, were obtained on the  
length-beam-ratio-7 forebody, alone and with round center  boom, respec- 
t i v e l y .  The streamline body had a minimum drag coe f f i c i en t  of 0.0023; 
flying-boat h u l l s  can, therefore ,  have drag values comparable t o  land- 
plane fuselages.  

! 

The h u l l  angle of a t t ack  f o r  minimum drag varied from 
20 t o  4O. 

Longitudinal and lateral  s t a b i l i t y  w a s  general ly  about t he  same f o r  
a l l  h u l l  models t e s t e d  and about t h e  same as t h a t  of a conventional h u l l .  

INTRODUCTION 

Because of the  requirements f o r  increased range and speed i n  f l y i n g  
boats,  an inves t iga t ion  of t h e  aerodynamic c h a r a c t e r i s t i c s  of f lying-boat 
h u l l s  as af fec ted  by h u l l  dimensions and h u l l  shape i s  being conducted 

t h e  Langley Aeronautical  Laboratory. The r e s u l t s  of one phase of 

lsupersedes t h e  r ecen t ly  dec la s s i f i ed  NACA RM L8F01, "Aerodynamic 
c t e r i s t i c s  of a Refined Deep-Step Planing-Tail Flying-Boat Hull  with 

ous Forebody and Afterbody Shapes" by John M. Riebe and Rodger L. 
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t h i s  inves t iga t ion ,  pres  
drag can be reduced without causing la rge  changes i n  aero 
and hydrodynamic perfo 
Another phase of t h e  i n  
the  deep-step planing-t  
vent ional  type of h u l l  and about the same aerodynamic s t a b i l i t y ;  t a n  
reference 3, have ind ica ted  t h a t  t h i s  type of h u l l  a l s o  has hydrod 
performance equal  t o  a 
type of h u l l .  

In an attempt t o  improve the  aerodynamic performance of h u l l s  s t i l l  
fu r the r  without causing excessive pena l t ies  i n  hydrodynamic performance, 
severa l  r e f ined  deep-step p lan ing- ta i l  h u l l s  were designed j o i n t l y  by 
t h e  Hydrodynamics Division and t h e  S t a b i l i t y  Research Division of t h e  
Langley Laboratory. It w a s  bel ieved t h a t  improved aerodynamic performance 
could be f a c i l i t a t e d  mainly by refinement of t h e  forebody plan form and 
by a reduction i n  the  volume and surface area of t h e  afterbody. 
paper presents  t h e  r e s u l t s  of t he  tests of these  h u l l s .  

This 

In order t o  make a preliminary study of over -a l l  f lying-boat con- 
f igura t ions ,  tests were a l s o  made on models incorporating a t y p i c a l  
engine nace l le  and an engine nace l le  extended i n t o  a boom which is t,o 
funct ion as t h e  afterbody and reduce t h e  s i z e  of and possibly el iminate  
wing-tip f l o a t s ;  t he  nace l le  and nace l le  boom were a l s o  t e s t e d  without 
the  h u l l  models. For comparing t h e  drag and s t a b i l i t y ,  tests were made 
on a streamline body simulating the  fuselage of a modern t ranspor t  
a i rp l ane .  

Unpublished tank tests have indicated t h a t  t he  h u l l  models presented 
i n  the present  
f o r  which da ta  
performance . 

paper (with the  possible  exception of t he  forebody alone 
are not ava i l ab le )  w i l l  have acceptable hydrodynamic 

COEFFICIENTS AND SYMBOLS 

The r e s u l t s  of t h e  tests are presented as standard NACA coe f f i c i en t s  
of forces  and moments. Rolling-, yawing-, and pitching-moment coe f f i -  
c i e n t s  are given about the  loca t ions  (wing 30-percent-chord poin t )  shown 
i n  f igu res  1, 2, and 3. The wing area, mean aerodynamic chord, and spa 
used i n  determining t h e  coe f f i c i en t s  and Reynolds numbers are those of 
hypothet ical  f l y i n g  boat ( reference 1). The h u l l ,  fuselage,  and nace l le  
coe f f i c i en t s  were derived by subt rac t ion  of da ta  f o r  t h e  wing alone from 
da ta  f o r  t h e  wing plus  hu l l ,  fuselage, or nace l le .  The wing-alone data 
vere  determined by ineluding i n  t h e  tests t h a t  part of t he  wing which is  
enclosed i n  t h e  hu l l ,  fuselage,  o r  nace l le .  The h u l l ,  fuselage,  and 
n a c e l l e  coe f f i c i en t s  therefore  include the  wing in te r fe rence  r e s u l t i n g  



axes having t h e i r  o r i g i n  a t  the  center  of moments s 

The c o e f f i c i e n t s  and symbols are defined as follows: 

lift c o e f f i c i e n t  

drag coef f ic ien t  (D/qS) 

la te ra l - force  coef f ic ien t  (Y/qS) 

rolling-moment coef f ic ien t  (L/qSb) 

p i t  ching-moment c o e f f i c i e n t  (M/qSF) 

yawing-moment coef f ic ien t  (N/qSb) 

drag (-X when 1Jr = 0) 

(Lift /qS where L i f t  = -Z) 

force along X - a x i s ,  pounds 

force along Y - a x i s ,  pounds 

force along Z-axis, pounds 

r o l l i n g  moment, foot-pounds 

pi tching moment, foot-pounds 

yawing moment, foot -pounds 

free-stream &ynamic pressure, pounds per s-quare foot  (g 
wing area oc 1 - s c a l e  model of hypothetical  f l y i n g  boat 10 

(18.264 sq f t )  3 







nch-diameter carborundum p a r t i c l e s  located approxima 
h u l l  length a f t  of t he  bow. 
hown i n  f igu re  8. 

All tests were made with 

RESULTS AND DISCUSSION 

The aerodynamic c h a r a c t e r i s t i c s  of t he  ref ined deep-step planing- 
t a i l  h u l l s  with various afterbody configurat ions i n  p i t ch  are presented 
i n  f igures  9 and 10; aerodynamic c h a r a c t e r i s t i c s  i n  yaw are given i n  fig-1 
ures 11 and 12.  
lage are included i n  f igu res  9 and 11. 
aerodynamic c h a r a c t e r i s t i c s  i n  p i t c h  of models incorporating t h e  engine 
nace l le  and the  engine-nacelle boom; the  aerodynamic c h a r a c t e r i s t i c s  i n  
yaw are Pncluded i n  f igu res  11 and 12. The aerodynamic c h a r a c t e r i s t i  
of t he  engine nace l le  and the  engine-nacelle boom without t h e  h u l l  ar 
included i n  ffigure l 3 (a ) ;  t he  coe f f i c i en t s  are p lo t t ed  aga ins t  h u l l  angle 
of a t t ack  and therefore  correspond t o  the  increments t h a t  r e s u l t  from 
the  nace l le  o r  t h e  nace l le  boom when t h e  h u l l  i s  a t  a given a t t i t u d e .  
Minimum drag coe f f i c i en t s  and s t a b i l i t y  parameters, as determined from 
the  figures, are presented i n  table VI11 f o r  comparison. 

The following discussion of ,the longi tudina l  c h a r a c t e r i s t i c s  i s  
based on t h e  r e s u l t s  f o r  Reynolds number 2.5 x 10 6 . A comparison of 
ures  9 and’lO indica tes  t h a t  f o r  corresponding configurat ions t h e  
models incorporating a forebody with a length-beam r a t i o  of 7 had 
minimum drag coe f f i c i en t s  than the  h u l l  models incorporating a f o r  

a length-beam r a t i o  of 5. The incremental d i f fe rence  i n  mini 
coe f f i c i en t  between corresponding configurat ions varied from 
he h u l l  forebodies alone ( C h i n  = 0.0032 f o r  model 23-55 an 

237-7) t o  0.0003 f o r  t he  deep-center-boom config 
0.0030 f o r  model 237-5P and 0.0027 f o r  model 237- 

The aerodynamic c h a r a c t e r i s t i c s  of the  streamliqe fuse-  
Figures 13 and 1 4  present t he  

ording t o  reference 4, the d i f fe rence  i n  minimum prof 
n t s  between a i r f o i l  sec t ions  of thickness  r a t i o s  0.2 

percent;  t h e  d i f fe rence  i n  minimum drag coef f ic  
237-7 and 237-5 which were derived from a i r f o i l  
onding thickness  r a t i o s  agreed favorably wi 



f the  wing. Fa i r ing  the  juncture wi th  t h e  boom ( f i g .  15) r 
parat ion somewhat and consequently the  h u l l  drag coeff ic ien 

ion w a s  caused pr imari ly  by t h e  in te r fe rence  e f f e c t  of t he  support 

t o  those of  t h e  present paper showed no occurrence of separat ion.  

The lowest' minimum drag coef f ic ien ts ,  0.0024 and 0.0023, were 
obtained on h u l l  models 237-7 and 237-7B, respect ively.  Although the  
skin area of model 237-7B w a s  l a rge r  than t h a t  of model 237-7 ( t a b l e  V I I )  
because of t he  addi t ion  of t he  boom, the  drag increase corresponding t o  
t h e  added sk in  f r i c t i o n  w a s  probably o f f s e t  by t h e  boom's causing a 
b e t t e r  flow condition a t  the  wing-hull juncture .  

A s  indicated by f igures  9 and 10, the  h u l l  angle of a t t a c k  f o r  
minimum drag var ied from 2' t o  4'. 

A comparison of t he  lowest minimum drag coef f ic ien t ,  0.0023 f o r  I 

h u l l  237-7B, wi th  t h a t  of a conventional h u l l ,  0.0066 f o r  h u l l  model 203, 
length-beam r a t i o  9, of reference 1, indicated a minimum-drag-coefficient 
reduction of 0.0043 o r  65 percent.  

The minimum drag coe f f i c i en t  f o r  the  streamline body w a s  0.0025 

t h a t  of a fuselage of a landplane approximately similar i n  s i z e  and 
oss  weight t o  a hypothet ical  f l y i n g  boat incorporating h u l l  model 237-7B 
nk tests have shown t h a t  a f l y i n g  boat incorporating h u l l  237-7B and 

( f i g .  9) ; flying-boat h u l l s  can, therefore ,  have drag values comparable 

o s s  weight similar t o  a landplane incorporating the  streamline 
w i l l  take o f f  from and land on w a t e r  i f  a s m a l l  v e r t i c a l  chine 
added t o  the  h u l l .  There are severa l  disadvantages t o  t h i s  

h u l l ,  however. The h u l l  volume i s  less than the  fuselage v o l m  
I) and, because of t he  loca t ion  of t h e  major port ion of h u l l  
ead of the  wing where the  pay load would be car r ied ,  a balance 
ould probably be encountered on l a rge  flying-boat designs.  
advantages are much l e s s  ser ious on model 237-7P because of t he  

boom; the  increase i n  minimum drag coef f ic ien t ,  0.0004, may 
a l l e v i a t i o n  of t he  volume and balance problem. 



11 models wi th  t a i l  f l o a t ,  models 237-3F1 and 237-7F1, were 0. 
0038, respec t ive ly .  
rger than similar configurations without t h e  t a i l  f l o a t .  

These drag-coefficient values were about 

values, t h e  wing l i f t  coe f f i c i en t  of f l y ing  boats  would have t o  be 
increased; t h i s  increase would r e s u l t  i n  an increase i n  induced-drag 
coe f f i c i en t .  However, t h e  increase i n  induced drag f o r  t h e  wing of t h e  
hypothet ical  f l y ing  boat,  used as a basis i n  t h e  present invest igat ion,  
would be small and would not s e r ious ly  alter the r e l a t i v e  merits i n  
performance of t h e  h u l l s  of t h e  present ipves t iga t ion  over conventional,  
hu l l s .  

I n  order t o  make a preliminary study of over -a l l  flying-boat config- 
urat ions,  tests were a l s o  made on a t y p i c a l  engine nace l le  and an engine 
'nacel le  extended i n t o  a boom ( f i g .  6 )  which i s  t o  funct ion as the after- 
body and reduce the  s i z e  of,  or possibly el iminate ,  wing-tip f l o a t s .  The 
drag coe f f i c i en t s  f o r  one engine nace l le  and one engine-nacelle boom near 
the angle of a t t a c k  f o r  minimum drag of t he  h u l l s  without nace l les  were 
&bout equal, with a value of 0.0022 ( f i g .  l 3 ( a ) ) .  
agreed favorably with t h e  increment of drag coe f f i c i en t  r e s u l t i n g  from 
t h e  addi t ion  of t h e  engine nace l le  or t he  engine-nacelle boom t o  t he  h u l l  
models as determined by a comparison of f igu res  13 and 1 4  with f igu res  9 
and 10. 
alone decreased as the  h u l l  angle of a t t a c k  became less pos i t ive .  
more rapid decrease occurred f o r  t he  nace l le  alone; t h i s  e f f e c t  proba 
accounts f o r  t h e  negative s h i f t  i n  angle of a t t a c k  f o r  minimum drag o 
the  forebody alone plus  the  engine nace l le .  

This drag coe f f i c i en t  

The drag coe f f i c i en t  f o r  t h e  nace l le  alone and nace l le  boom 
A 

The minimum drag coe f f i c i en t s  f o r  both combinations were ab 
so  t h a t  a flying-boat configuration .with twin engine-nacelle boo 
ab ly  has an aavantage in aerodynamic performance over a f ly ing  b 
a s ing le  round boom and conventional nace l les  r e s u l t i n g  from t 
t i o n  i n  s i z e  of,  or possible  e l iminat ion of, wing-tip f l o a t s .  
previously, t he  length-beam-ratio-? forebody alone had a great 
than the  forebody with a round center  boom, mainly because of an 
wing in te r fe rence  e f f e c t .  However, t h e  configurat ion with nace l le  

11 might be b e t t e r  aerodynamically, e spec ia l ly  if the  wing- 
c tu re  had a s u i t a b l e  f a i r i n g .  These r e s u l t s  show the  need 
t i o n  of over-al l  f lying-boat h u l l  configurat ions i f  fu r the r  
o be made i n  improving t h e  aerodynamic performance of f l y i n  



*various hu l l s ,  as ind ica t  
111. The h u l l  models inco 

r a t i o  of 7 were genera l ly  less unsta’r; 
i t h  a length-beam r a t i o  of 5 .  

udinal  s t a b i l i t y  with length-beam r a t i o  i s  similar t o  t h a t  r 
erence 1. A s  expected, because *of the  l a rge  p a r t  of t he  hul  

center  of moments, t h e  most longi tudina l ly  unstable h u l l  mo 
a t ions  237-5 and 237-7 which had Cma 

0028 and 0.0026, respec t ive ly .  The addi t ion  of a f te rbodies  ha 
11 e f f e c t  on t h e  s t a b i l i t y  which corresponds t o  a rearward, a e r  

t h e  choice of h u l l s  probably should be 
percent mean aerodynamic chord on a f l  

mined mainly from h u l l  drag, h u l l  volume, and balance con 
Tease i n  ho r i zon ta l - t a i l  area necessary t o  compensate f o r  t h e  
i t h  less s t a b i l i t y  would give only a small drag increase whZch 
e blanketed by the  reduction obtained by using the  lower drag 

These fac to r s  should a l so tbe  considered when camparison i s  made with the  
conventional-type h u l l s  of reference 1. The deep-step h u l l s  were s l i g h t  
less unstable longi tudina l ly  f o r  t he  present wing and center-of-gravity 
posi t ions,  which were located from hydrodynamic considerat ions.  

The d i r e c t i o n a l  s t a b i l i t y  as determined by C ( t a b l e  VIII) w a s  n~ 

Is, as ind ica t  
11 models inco 

U J  

with a length-beam r a t i o  of 7 were genera l ly  less unsta’r; 
i n a l l y  than those with a length-beam r a t i o  of 5 .  This inc r  
i n a l  s t a b i l i t y  with length-beam r a t i o  i s  similar t o  t h a t  r 
ence 1. A s  expected, because *of the  l a rge  p a r t  of t he  hul  

center  of moments, t h e  most longi tudina l ly  unstable h u l l  mo 
forebody-alone configurations 237-5 and 237-7 which had Cma 

0.0028 and 0.0026, respec t ive ly .  The addi t ion  of a f te rbodies  ha 
m a l l  e f f e c t  on t h e  s t a b i l i t y  which corresponds t o  a rearward, a e r  

center  s h i f t  of less than 1 percent mean aerodynamic chord on a f l  
boat. O f  t h e  models tested, t h e  choice of h u l l s  probably should be 
mined mainly from h u l l  drag, h u l l  volume, and balance considerat io  

Tease i n  ho r i zon ta l - t a i l  area necessary t o  compensate f o r  t h e  
i t h  less s t a b i l i t y  would give only a small drag increase whZch 
e blanketed by the  reduction obtained by using the  lower drag hu 

These fac to r s  should a l so tbe  considered when camparison i s  made with t h  
conventional-type h u l l s  of reference 1. 
less unstable longi tudina l ly  f o r  t he  present wing and center-of-gravity 
posi t ions,  which were located from hydrodynamic considerat ions.  

The deep-step h u l l s  were s l i g h t 1  

The d i r e c t i o n a l  s t a b i l i t y  as determined by C ( t a b l e  VIII) w a s  n~ 
0.0008 for  h u l l  model 237-5 and 0.0009 f o r  model 237-7. 
addi t ion  of t h e  a f te rbodies  reduced the  d i r e c t i o n a l  i n s t a b i l i t y  s l i g h t l y ,  
athe amount depending upon the  amount of s ide  a rea  added and i t s  loca t ion  
a f t  of the  center  of moments. The least d i r e c t i o n a l l y  unstable configu- 
r a t i o n s  t e s t ed  were models 237-5P and 237-5F1 which both had a C 
value of 0.0006. The increase i n  d i r e c t i o n a l  i n s t a b i l i t y  with length- 
beam r a t i o  i s  a l s o  similar t o  t h a t  reported i n  reference 1 and probably 
resu l ted  from the  increase i n  s ide  area ahead of t he  center  of moments 
with length-beam r a t i o .  

A s  expected, t 
I 

;r 

The addi t ion  of t h e  engine nace l le  t o  models 237-5 and 237-7B . The d i r e c t i o n a l  increased C s l i g h t l y  but showed no change i n  I 

s t a b i l i t y  of t h e  flying-boat h u l l s  of t he  present inves t iga t ion  w a s  
general ly  about t h e  same as t h a t  of conventional hu l l s .  
l a r g e l y  be explained by the  f a c t  t h a t  t he  d i f f e r e n t  center-of-gravity 
pos i t ions  compensated f o r  t he  d i f fe rence  i n  body shape. 

Cnllr 

This r e s u l t  can 

CONCLUSIONS 

The r e s u l t s  of tests i n  the  Langley 300 MPH 7- by 10-foot tunnel  t o  

flying-boat h u l l s  with various forebody and afterbody shapes and 
rmine t h e  aerodynamic c h a r a c t e r i s t i c s  of ref ined deep-step planing- 

reamlirie fuselage ind ica t e  the  following conclusions: 



5 .  Longitudinal and lateral  s t a b i l i t y  w a s  general ly  about t h e  Sam 
for a l l  h u l l  models tested and about the same as a conventional h u l l  o 
a previous aerodynamic inves t iga t ion .  

I 

. Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field,  Va. ,  June 30, 1948 



4. Jacobs, Eastman N., Ward, Kenneth E., and Pinkerton, Robert M.:  
Charac te r i s t ics  of 78 R e l a t e d  A i r f o i l  Sections from Tests i n  t h  
Variable-Density Wind Tunnel. NACA Rep. 460, 1933. 
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NACA TN 2489 

ORDRWI3S FOR LAKD- FzTSELAc=E 

[All dimensions are given in inched 

Station 

0.158 

-527 

1.054 

2.108 

3 373 

5 059 

7 9 906 

8 .49  

10.804 

14.124 

17 457 

20.580 

23.584 

26.483 

29 513 

33 0 9  

36.918 

40 185 

43 * 716 

45.166 

47.524 

Radius 

0.408 

83% 

1,263 

1.887 

2 . 462 

3.on 

3.864 

3 * 989 

4.496 

5.064 

5 8 492 

5.790 

6.003 

6.156 

6.274 

6.369 

6.436 

6.467 

6.481 

6.482 

6 e 479 

Stat ion 

50 * 989 

54 309 

58.143 

62.267 

66.378 

69.896 

72 * 557 

76.404 

79 9 843 

84 033 

87.538 

91.015 

94.494 

97.973 

101 , 451 

104.837 

108.144 

u . 5 4 3  

114.521 

l17.050 

Radius 

6.440 

6.420 

6 354 

6.254 

6.121 

5 0 980 

5 0 854 

5.642 

5.420 

5 103 

4 797 

4.451 

4.058 

3.616 

3 -118 

2 9 573 

1 978 

1 - 293 

.624 

0 

vv 



>onfiguration 

237-5 

237-7 

237-3 

237-733 

237-5p 

237--7p 

237-5Fl 

237-VI 

Streamline body 

Engine nacelle 

Enginmcel le  
boom . 

Volume 
(cu in.) 

5,649 

5,228 

6,519 

6,174 

7,574 

7,276 

6,869 

6,524 

10,270 

473- 

1,419 

2,095 

2,303 

2,884 

3,100 

3,427 

3,645 

3,106 

3,321 

3,630 

406 

1,220 

841 

964 

1,090 

1,213 

1,359 

1 , 482 

1,177 

1,300 

1,162 

108 

363 

142 



AlJlD STABILITY PARAMEITERS FOR 
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Model 

237-5 

237-5p 

237--5B 

237-5F1 

2375 + engine-llacelle boom 

237-5 + engine nacelle 
237-7 

237-7p 

237-73 

237-VL 

237-7 + engine-nacslle boom 

237-73 + engine nacelle 
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.0030 
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0059 
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0027 
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.0038 

.0036 

0039 
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a. 0021 

a* 0022 
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1.0028 

.0026 

.0025 

.0026 

0037 

-0034 

.0026 

, 0024 

.OO25 

.0024 

0037 

.0032 

.0049 

.0011 

.0009 

3' (not minimum b a g  coefficient), 

% 
- 
0.0008 

.0006 

,0008 

.0006 

0008 

.0008 

0009 

,0008 

,0009 

.0008 

* 0009 

.0009 

e 0005 

%f 

I. 0042 

.0042 

,0042 

.0042 

. 0042 

.0042 

,0060 

.0060 

.0060 

, 0060 

0060 

.0060 

.0015 
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Figure 7. - Continued. 



28 NACA TN 2,489 

237-5P + 
engine nacelle 

237-5 + 
engine -nacelle 
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Streamline 
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Figure 7. - Concluded. 
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Figure 
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-12 -8 -4 
Any!% of a+fcrck,cr,deg 

(a) R Z 2.5 x lo6. 
9.- Aerodynamic characteristics in pitch of Langley tank mo 
with various afterbody configurations and streamline fuselage 
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6 (b) R Z 3.1 x 10 . 

.016 

,012 
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Figure 10. - Concluded. 



NACA TN 2489 

-4 0 4 8 I 2  16 20 
Angle of yaw,$ deg 

Figure 11.- Aerodynamic characteristics in yaw of Lan ley tank model 237-5 5 with various afterbody configurations. R X 1.3 x 10 ; a = 2'. 
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2 2 '  

-4 0 4 8 12 16 20 
Angle of yawj y+, dey 

.01 
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Figure 12.- Aerodynamic characteristics in yaw of La ley tank podel 237-7 
with various afterbody configurations. R Z 1.3 x 10 % ; a = 2 . 
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-12 -8 -4 0 4 8 12 
Anqh of affac/i,a,dgq 

(a) R z 2.5 x lo6. 
Figure 13.- Aerodynamic characteristics in pitch of engine nacelle and engine- 

he nacelle alone and the nacelle boom alone are given for corresponding 
nacelle boom alone and with Langley tank model 237-5. The coefficients 

hull angles of attack. 
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6 (b) R z3.1 x 10 . 
Figure 13. - Concluded: 
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Figure 14.- Aerodynamic characteristics in  pitch of Langley tank model 237-7 
with engine nacelle and engine-nacelle boom, R x 2.5 x lo6. 
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a = -8'. 

a = -6'. 

a = -4'. 

Figure 15.- Tuft studies of Langley tank model 237-5B. 



a = -2’. 

a = Oo. 

a = 20. 

Figure 15. - Continued. 
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0 a = 4 .  

0 a = 6 .  

a = Bo. 

Figure 15. - Concluded. 



42 NACA TN 2489 

0 
a = - 8 .  

0 a = - 6 .  

Q = -40. 

Figure 16.- Tuft studies of Langley tank model 237-5. 
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0 a = 4 .  

0 a = 6 .  

a = 8'. 

Figure 16. - Concluded. 
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0 
a = - % .  

a = -6O, 

a = -4'. 

Figure 17.- Tuft studies of Langley tank model 237-7B. 
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0 a = 2 .  

Figure 17. - Continued. 



NACA TN 2489 47 

0 a = 6 .  

0 
a = 8 .  

Figure 17. - Concluded. 
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0 a = 4 .  

a = 8'. 

Figure 18,- Tuft studies of Langley tank model 237-7. 


